Metabolic adaptation and NADPH homeostasis evoked by a sulfur-deficient environment in Pseudomonas fluorescens.
Sulfur is essential for all living organisms due to its ability to mediate a variety of enzymatic reactions, signalling networks, and redox processes. The interplay between sulfhydryl group (SH) and disulfide bond (S-S) is central to the maintenance of intracellular oxidative balance. Although most aerobic organisms succumb to sulfur starvation, the nutritionally versatile soil microbe Pseudomonas fluorescens elaborates an intricate metabolic reprogramming in order to adapt to this challenge. When cultured in a sulfur-deficient medium with glutamine as the sole carbon and nitrogen source, the microbe reconfigures its metabolism aimed at the enhanced synthesis of NADPH, an antioxidant and the limited production of NADH, a pro-oxidant. While oxidative phosphorylation (OXPHOS) and tricarboxylic acid (TCA) cycle, metabolic modules known to generate reactive oxygen species are impeded, the activities NADPH-producing enzymes such as malic enzyme, and glutamate dehydrogenase (GDH) NADP-dependent are increased. The α-ketoglutarate (KG) generated from glutamine rapidly enters the TCA cycle via α-ketoglutarate dehydrogenase (KGDH), an enzyme that was prominent in the control cultures. In the S-deficient media, the severely impeded KGDH coupled with the increased activity of the reversible isocitrate dehydrogenase (ICDH) that fixes KG into isocitrate in the presence of NADH and HCO3- ensures a constant supply of this critical tricarboxylic acid. The up-regulation of ICDH-NADP dependent in the soluble fraction of the cells obtained from the S-deficient media results in enhanced NADPH synthesis, a reaction aided by the concomitant increase in NAD kinase activity. The latter converts NAD into NADP in the presence of ATP. Taken together, the data point to a metabolic network involving isocitrate, α-KG, and ICDH that converts NADH into NADPH in P. fluorescens subjected to a S-deprived environment.